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(57) ABSTRACT 

A semiconductor structure having mesa structure compris 
ing: a lower semiconductor layer, an upper semiconductor 
layer having a higher band gap than, and in direct contact 
with, the lower semiconductor layer to form a two-dimension 
electron gas (2DEG) region between the upper semiconduc 
tor layer. The 2DEG region has outer edges terminating at 
sidewalls of the mesa. An additional electron donor layer has 
a band gap higher than the band gap of the lower layer dis 
posed on sidewall portions of the mesa structure and on the 
region of the 2DEG region terminating at sidewalls of the 
mesa. An ohmic contact material is disposed on the electron 
donor layer. In effect, a sideway HEMT is formed with the 
electron donor layer, the 2DEG region and the ohmic contact 
material increasing the concentration of electrons (i.e., low 
ering ohmic contact resistance) all along the contact between 
the lower semiconductor layer and the electron donor layer. 

4 Claims, 4 Drawing Sheets 
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GALLUMNITRDE DEVICES HAVINGLOW 
OHMC CONTACT RESISTANCE 

TECHNICAL FIELD 

This disclosure relates generally to galliumide (GaN) 
semiconductor devices and more particularly to gallium 
nitride (GaN) semiconductor devices having low ohmic con 
tact resistance. 

BACKGROUND 

As is known in the art, second generation GaN HEMI 
devices (30-300 GHz) must have higher sheet charge in the 
channel, thinner and higher Al mole fraction AlGaN, InAIN. 
or InGaAlN Schottky contact layer thicknesses, and lower 
parasitic ohmic contact resistance (<0.2 ohm mm) than 
present the present devices. 
One method used to form ohmic contacts for the first gen 

eration devices includes forming a Ti/Al/Barrier/Au with 
rapid thermal annealing at 850-900 C which generally result 
in devices having high ohmic contact resistance (>0.2 ohm 
mm), and lower yields for source/drain contact spacing of 
<=2 um. 
One method suggested to produce devices having lower 

ohmic contact resistance is shown in FIGS. 1A-1C. Here, a 
substrate of, for example, silicon carbide (SiC) or silicon Si, 
has a gallium nitride (GaN) layer epitaxial formed on the 
Substrate. A semiconductor layer (i.e., a Schottky contact 
layer) having a higher band gap that the GaN. (e.g., a layer of 
AlGaN, InAlN, or InGaAlN) is formed on the GaN layer 
resulting in two dimensional electrongas (2DEG) layer being 
produced at the interface between the GaN layer and the 
higher band gap Schottky contact layer. Next, a mask is 
formed on the Schottky contact layer and the exposed por 
tions of the Schottky and GaN are etched in the source and 
drain contact regions as shown using any suitable dry etch. 
The resulting structure is a mesa shaped structure as shown in 
FIG. 1B. An ohmic contact layer of n+ doped GaN is depos 
ited over the etched structure as shown in FIG.1C. It is noted 
that the ends (i.e., edges) of the two dimensional electron gas 
(2DEG) layer now are indirect contact with the ohmic contact 
layer of n+ doped GaN. This method suffers from two issues: 
Firstly, etching and exposure of the two dimensional electron 
gas (2DEG) on the edges might compromise the carrier con 
centration and mobility of the electrons in the vicinity of the 
exposed etched Surface. Secondly, electron injection at the 
Source and collection of electrons at the drain is only through 
a thin (~50 Angstrom) contact between the two dimensional 
electron gas and the ohmic contact layer of n+ doped GaN. 

SUMMARY 

In accordance with the present disclosure, a semiconductor 
structure is provided having: a Substrate and a mesa structure 
disposed on the Substrate. The mesa structure includes: a 
lower semiconductor layer, an upper semiconductor layer 
having a different band gap from, and in direct contact with, 
the lower semiconductor layer to form a two-dimension elec 
tron gas region between the upper semiconductor layer, the 
two-dimension electron gas region having outer edges termi 
nating at Sidewalls of the mesa; an electron donor layer dis 
posed on sidewall portions of the mesa structure and on the 
region of the two-dimension electron gas region terminating 
at Sidewalls of the mesa; and an ohmic contact material dis 
posed on the electron donor layer. 
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2 
In one embodiment, a semiconductor structure is provided 

having: a Substrate; and a mesa structure disposed on the 
Substrate. The mesa structure includes: a lower semiconduc 
tor layer, an upper semiconductor layer having a higher band 
gap than, and in direct contact with, the lower semiconductor 
layer to form a two-dimension electron gas region between 
the upper semiconductor layer, the two-dimension electron 
gas region having outer edges terminating at Sidewalls of the 
mesa; an additional semiconductor layer having a higher 
band gap than the lower semiconductor layer disposed on 
sidewall portions of the mesa structure, on the region of the 
two-dimension electrongas region terminating at Sidewalls of 
the mesa and on and in direct contact with the lower semi 
conductor layer to form a two-dimension electron gas region 
between the additional layer and the lower semiconductor 
layer; and an ohmic contact material disposed on the electron 
donor layer, 

In one embodiment, a semiconductor structure is provided 
having: a Substrate; and a mesa structure disposed on the 
Substrate. The mesa structure includes: a lower semiconduc 
tor layer, an upper semiconductor layer having a different 
band gap from, and in direct contact with, the lower semicon 
ductor layer; an electron donor layer disposed on sidewall 
portions of the mesa structure and on the region of the two 
dimension electron gas region terminating at Sidewalls of the 
mesa; and an ohmic contact material disposed on the electron 
donor layer. 

In one embodiment, a semiconductor structure is provided 
having: a substrate and a mesa structure disposed on the 
Substrate. The mesa structure comprising: a lower semicon 
ductor layer, an upper semiconductor layer having a higher 
band gap from, and in direct contact with, the lower semicon 
ductor layer to form a two-dimension electron gas to region 
between the upper semiconductor layer and the lower semi 
conductor layer, the two-dimension electron gas region hav 
ing outer edges terminating at Sidewalls of the mesa; and, an 
electron donor layer disposed on sidewall portions of the 
mesa structure and on the region of the two-dimension elec 
tron gas region terminating at sidewalls of the mesa; and an 
ohmic contact material disposed on the electron donor layer. 

With Such an arrangement, the electron donor layer is 
disposed between and in direct contact with the outer edges of 
the two-dimension electron gas region and the ohmic contact 
material, forming, in effect, what might be considered as a 
high electron mobility transistor (HEMT). The width of the 
regions for electron injection from the source ohmic contact 
material and collection of these injected electrons into, and 
then through, the two-dimension electron gas region, now is 
significantly increased resulting in lower contact resistance 
between the electron donor layer and two dimensional elec 
trongas layer. In effect, the formation of this sideways HEMT 
increases the concentration of electrons all along the contact 
between the lower semiconductor layer and the electron 
donor layer results in lower ohmic contact resistance. 

In one embodiment, ohmic contact material terminates at a 
top portion of the mesa structure. 

In one embodiment, the lower semiconductor layer is GaN. 
In one embodiment, the upper semiconductor layer 

includes AlN. 
In one embodiment, the electron donor layer is n-type 

doped AlGaN. 
In one embodiment, the ohmic contact material is n-type 

doped GaN. 
In one embodiment, a gate electrode in Schottky contact 

with the upper semiconductor layer. 
In one embodiment, an ohmic contact is in contact with the 

ohmic contact material. 
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The details of one or more embodiments of the disclosure 
are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages of the 
disclosure will be apparent from the description and draw 
ings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIGS. 1A-1C are diagrammatical sketches showing the 
fabrication of a semiconductor structure at various stages in 
the fabrication thereof according to the PRIOR ART; and 

FIGS. 2A-2C are diagrammatical sketches showing the 
fabrication of a semiconductor structure at various stages in 
the fabrication thereof according to the disclosure. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring now to FIG. 2A, a semiconductor structure 10 is 
shows having: a Substrate 12, here a semiconductor Substrate 
of silicon carbide (SiC) or silicon (Si), for example. A lower 
layer 14 of gallium arsenide (GaN) is formed, by any conven 
tional manner on the substrate 12. An upper layer 16 of 
aluminum gallium nitride (A1GaN), or indium aluminum 
nitride (InAlN) or indium gallium aluminum arsenide (In 
GaAlN) is formed on the lower layer of gallium arsenide 
(GaN), as shown. Because the upper layer has a higher band 
gap than the lower layer, a two dimensional electron gas 
(2DEG) region 18 is formed between the upper and lower 
layers 14, 16. 

Next, the structure 10 shown in FIG.2B is masked and dry 
etched to form a mesa structure 20 shown in FIG. 2B. Here, 
the structure 10 shown in FIG. 2A is etched to a depth from 
300 Angstrom to 1000 Angstrom (preferably 600 Angstrom). 

Next, as shown in FIG.2C, an additional electron donor N+ 
layer 22 of AlGaN with Al concentration in the 5-30% (pref 
erably 15-20%) is grown using, for example, molecular beam 
epitaxy (MBE) with a thickness of 30-200 Angstrom (prefer 
ably 50-100 Angstrom). Here, additional electron donor N+ 
layer 22 of AlGaN has a doping concentration of 10'-5x10' 
electrons per cm. This additional electron donor N+layer 22 
of AlGaN having a higher band gap the band gap of the lower 
GaN layer 14 creates a two dimensional electron gas (2DEG) 
region 24 GaN on the sidewalls of the mesa structure 20. It is 
first noted that the additional electron donor N+ layer 22 of 
AlGaN forms a two-dimension electron gas region 24 
between the lower semiconductor layer 14, the two-dimen 
sion electron gas region 16 having outer edges terminating at 
sidewalls of the mesa 20 and that the additional electron 
donor layer 22 is disposed on sidewall portions of the mesa 
structure 20 and on the region of the two-dimension electron 
gas region 22 terminating at Sidewalls of the mesa 20. In effect 
a HEMT structure may be considered as being formed from a 
combination of doping (similar to GaAs pHEMTs) and spon 
taneous polarization all along the sidewall where it contacts 
the lower GaN layer 14. This is followed by growth of the 
additional GaN N+ ohmic contact layer 30 to a thickness of 
200-1000 Angstrom (preferably 600 Angstrom). 

It is noted that: 
1. The additional electron donor N+layer 22 of AlGaN has 

larger band gap than GaN is layer 14, 
2. In effect a HEMT is formed at the interface between the 

higher band gap material of the additional electron donor N+ 
layer 22 of AlGaN and the GaN layer 14 and therefore elec 
trons reside inside the GaN layer 14 at the interface; and 
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3. The additional electron donor N+layer 22 of AlGaN has 

both a higher bandgap than the GaN layer 22 and also has N+ 
doping. 
The source and drain contact regions 30, 31 here N-- GaN. 

are formed in the etched regions, as shown in FIG. 2C and 
terminate at the upper surface of the upper layer 16. Next, 
ohmic source and drain contacts 32, 34 are formed with the 
Source and drain contact regions 30 and a gate contact 36 is 
formed within Schottky contact with the surface of the upper 
semiconductor layer 16 using any conventional processing. 
The width of the regions for electron injection from the 

source contact regions 30 and collection of them at the drain 
contact region 31 is now significantly increased resulting in 
lower contact resistance between the re-grown additional 
layer of N+ layer 22 of AlGaN and two dimensional electron 
gas region 24 formed thereby. Thus, in the structure shown in 
FIG. 2C, there is direct contact between the source and drain 
contact regions 30, 31 through the two dimensional electron 
gas region 24 on the sideways of the mesa; i.e., as a result of 
the through etch and re-grown additional N+ layer 22 of 
AlGaN. Thus, a GaN HEMT is in effect formed on the side 
ways of the etched source/drain GaN regions 30, 31 through 
growth of the N+A1GaN layer first before growing GaN N+ 
regions 30, 31. Formation of this sideway GaN HEMT 
increases the concentration of electrons all along the contact 
between the GaN layer 16 and AlGaN layer 18 and results in 
lower contact resistance. 
A number of embodiments of the disclosure have been 

described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and scope of the disclosure. Accordingly, other embodiments 
are within the scope of the following claims. 

What is claimed is: 
1. A semiconductor structure, comprising: 
a Substrate; 
a mesa structure disposed on a surface of the Substrate, the 
mesa structure having slopped sidewalls oblique to the 
Surface of the Substrate, comprising: 
an electron donor layer disposed on, and along, the 

sloped sidewall of the mesa structure: 
a lower semiconductor layer having ends of an upper 

portion terminating at a lower portion of the electron 
donor layer; 

an upper semiconductor layer having ends terminating 
at an upper portion of the electron donor layer, having 
a different band gap from, and in direct contact with, 
the lower semiconductor layer; 

wherein a two-dimension electron gas region is formed 
having one portion disposed along a bottom portion of 
the upper semiconductor layer and another portion dis 
posed along lower portions of the electron donor layer, 
an ohmic contact material disposed on the electron 

donor layer; 
wherein the upper semiconductor layer includes AlN: 
wherein the lower semiconductor layer is GaN; and 
wherein the electron donor layer is n-type doped AlGaN. 
2. The semiconductor structure recited in claim 1 wherein 

the ohmic contact material is n-type doped GaN. 
3. The semiconductor structure recited in claim 2 including 

a gate electrode in Schottky contact with the upper semicon 
ductor layer. 

4. The semiconductor structure recited in claim3 including 
an ohmic contact in contact with the ohmic contact material. 
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